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ABSTRACT
Knowledge of basic phenomena related to meat tender­
ness is very limited. However, evidence has accumulated 
which indicates that tenderness is affected by the ionic 
atmosphere surrounding muscle and connective tissue pro­
teins. It was theorized that the ion - protein relationship 
could be altered by tissue permeability changes mediated by 
endogenous histamine.
To test the above theory, numbers of mast cells in 
muscle tissue of beef were determined by two methods* 
standard histological procedures and natural tissue spreads. 
The assumption was made that the numbers of mast cells 
would be an indication of the amount of histamine present. 
Standard methods of histological sectioning and staining of 
tissue appeared to give an under-estimate of the number of 
mast cells present, whereas numbers determined in natural 
tissue spreads were unconclusive.
Because the mast cells are believed to be under 
hormonal control, attempts were made to alter the number of 
mast cells by injecting progesterone, hydrocortisone and 
desoxycorticosterone acetate. No effects of these treat­
ments on numbers of mast cells were observed. Large numbers 
of mast cells were shown to be present in loose connective 
tissue when using natural tissue spreads; however, muscle
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tissue varied to a great extent in amount of these tissues*
No measurement of this variability could be made. The cor­
relations between numbers of mast cells and shear values of 
one-inch cores obtained from twelfth rib roasts were non­
significant.
The amount of endogenous histamine in muscle tissue 
was measured by an assay method using muscle tissue from 
the diaphragm and longissimus dorsi. Nonsignificant cor­
relations were obtained between the amount of histamine in 
these tissues and the corresponding shear values of the 
twelfth rib roasts. Also, a nonsignificant T value was 
found for difference between means for the histamine found 
in the diaphragm muscle of two groups of untreated cattle 
representing extremes in high and low shear values. The 
amount of histamine present in the longissimus dorsi and 
diaphragm muscle of cattle receiving an injection of d-tubo­
curarine chloride, a histamine releasing compound, was less 
than that found in the corresponding tissues of controls.
The average shear value of the twelfth rib from ten heifers 
injected with d-tubocurarine chloride fifteen minutes prior 
to slaughter was 25*6 as compared to 18.5 for five control 
heifers.
It was observed that cores from twelfth rib roasts 
of cattle receiving an injection of any kind, i.e. hista­
mine, dihydrochloride, d-tubocurarine chloride, progesterone, 
desoxycorticosterone acetate, estrogens, hydrocortisone, 
distilled water or physiological saline, had higher shear 
values (statistically significant at the 0.01 level of
viii
probability) than non-injected cattle* When these results 
were interpreted using general knowledge of systemic 
responses to non-specific stress, histamine was implicated 
in the phenomena related to tenderness in meat*
INTRODUCTION
Tenderness is considered by the consumer to be the 
most important palatability characteristic of meat* Little 
control is exercised over this primary quality attribute by 
the livestock and meat industry, because the knowledge of 
basic phenomena related to meat tenderness is very limited* 
Consumers prefer meat of uniformly high quality; therefore, 
the livestock and meat industry is continually striving for 
more control over the quality of meats0
Not only is the problem of tenderness a concern from 
the standpoint of producing a more standardized product, it 
represents a challenge for a greater understanding of the 
physiology and biochemistry of the tissues of beef. This 
undoubtedly would aid in improving all segments of quality 
and could conceivably improve the methods of production of 
the live animal.
From results obtained by previous workers, it is 
apparent that tenderness, or the lack of it, in beef depends 
on a number of factors rather than a single cause* Evidence 
has accumulated which indicates that the ionic atmosphere of 
the muscle proteins plays a large role in meat tenderness*
No information is available concerning the effect on tender­
ness of naturally occurring constituents which could alter 
the membrane permeability, thus affecting the ion - protein
2
relationship.
One of these constituents is histamine. It has been 
shown to have a tremendous effect upon the permeability of 
the connective and muscular tissues. Altered permeability 
of the connective tissues and membranes surrounding the 
bundles of muscles, as well as the muscle fibers, could 
greatly alter the ionic atmosphere of the muscle proteins.
The objective of this study was to determine if the 
amount of endogenous histamine in muscle tissues was related 
to meat tenderness.
REVIEW OF LITERATURE
Inorganic ion - protein relationships
According to Paul (1957)» the degree of tenderness 
of any given piece of meat is believed to depend on two 
primary factors* (a) the state of the contractile substance 
of the muscle and (b) the amount and distribution of the 
connective tissue. The contracture of muscle is believed to 
depend on the combination of two proteins, actin and myosin, 
to form actomyosin. In the living animal this is a revers­
ible reaction, being promoted by the breakdoum of adenosine 
triphosphate (ATP) and relaxation by the regeneration of ATP.
Szent-Gyorgi (1952) states that after death and the 
disappearance of ATP, the repulsive forces between actin and 
myosin diminish and the two proteins eventually get together 
and form the stiff and hard actomyosin. There being no ATP 
present at this time, this actomyosin will not contract but 
remains stiff and hard. If the muscle is stored for some 
time after death, rigor spontaneously dissolves again. This 
worker believes the autolysis to be the disintegration of 
the actin filament which is built of small globular mole­
cules. It was concluded that the forces which hold actin 
globules together can be broken rather easily and once the 
actin filament disintegrates into globules the stiff 
actomyosin gel must soften again. It has been shown
k
conclusively in this worker's laboratory that the disinte­
gration of the actin filament can be brought about readily 
by charges, conferred on actin by ions*
Szent-Gyorgi (1953) theorized that in the contracture 
of muscle the proteins actin and myosin combined with the 
liberation of K+ and for relaxation to occur it was neces­
sary to bring about a recombination of the K+ and the muscle 
proteins* Xt was concluded that if the K+ was allowed to 
diffuse away, relaxation would be difficult*
Wierbicki e_t aX* (1956) devised a method by which the 
actin and myosin could be extracted from muscle tissue leav­
ing actomyosin. As beef was made tender by aging, the 
amount of extractable actin and myosin increased* Efforts 
to explain the differential solubilities of the proteins has 
centered around the role played by inorganic ions*
Husani et al. (1950) found little change in alkali 
insoluble protein of meat with post mortem aging* These 
results were confirmed by Wierblcki £t aX. (195*0 • This 
worker studied changes in connective tissue as determined 
from alkali insoluble protein from one to thirteen days post 
mortem* It was theorized, if the connective tissues were to 
break down during aging there should be some solubility 
changes. Solubility changes were not observed even though 
the tenderness Increased in all tissues studied* This is an 
indication that factors other than connective tissue may 
affect tenderness*
Deatherage (1955) stated that if post mortem changes 
in tenderness are due, at least in part to changes in protein
5
hydration brought about by the randomization of the ionic 
atmosphere in the complex protein system called meat* it may 
be presumed that major changes take place in the muscle 
plasma itself. Such changes could also affect the softening 
or hydration of the connective tissue to some degree. Thus, 
the qualitative nature could change even though research has 
been unable to show any quantitative changes in connective 
tissue during post mortem aging.
Miller and Kastelic (1956) after a very extensive study 
of connective tissue, concluded that the site of liability 
of varying degrees of tenderness in some meat lies in the 
connective tissue ground substance.
The major components of the ground substance are chon- 
droitin sulfate and hyaluronic acid. Dorfman et> a_l. (1958) 
put forth the concept that the presence of both carboxyl and 
sulfate groups, on each repeating unit of chondroitin sul­
furic acid, confers a high negative change. Such a highly 
charged polyelectrolyte, linear in configuration, will in 
turn be influenced by the concentration and nature of ca­
tions present. The negative charges on the chains cause the 
mucopolysaccharides to form more or less straight chains.
If the charges are neutralized, the chain takes on a random 
shape. The change in charge and configuration could have an 
effect upon the permeability and water binding capacity of 
the connective tissue.
Hamm (1959) stated that tenderness, color, taste, and 
some other features of meat are related to its capacity for
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holding water. The degree of hydration is due to pH, num­
ber of cross linkages of the proteins and certain bivalent 
metallic cations, all of which are related to the number of 
polar groups.
Peptide chains of native protein are connected by 
various cross linkages such as salt-linkages, bivalent 
metals, S-S bonds, or hydrogen bonds. These cross linkages 
not only eliminate a large number of polar groups, but pro­
duce a "stereo" effect which makes it impossible for other 
polar groups to become hydfrated.
Hamm (1959) also explained the increased hydration 
of meat brought about by the addition of cooking salt. It 
was concluded this was caused by the breaking of the salt 
cross linkages between peptide chains, thus increasing the 
number of polar groups. Certain divalent ions, particularly 
calcium and magnesium, were found to decrease the hydration 
of the proteins by contributing to the number of cross 
linkages.
Suri (1956) made an extensive study of the effect of 
infusion of sodium chloride on the tenderness of beef shank 
muscles. The treated muscles were infused by artery pump­
ing to give a concentration of approximately 2 per cent 
sodium chloride in the muscle. The paired muscle from the 
other side of the same animal was used without treatment as 
the control. Infusion with s >dium chloride definitely in­
creased the tenderness of the meat over that of the control 
and the effect increased with longer holding after treatment. 
This treatment did not alter the connective tissue content but
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caused a loosening and expansion of the muscle bundles and 
disarrangement or almost complete breaking of the connective 
tissue between the bundles* This worker also reported that 
salt perfusion increased the water-binding capacity of the 
muscle proteins, as shown by elimination of post-freezing 
drip.
Vierbicki <st al* (1957) reported that the addition of 
1*3 percent sodium chloride decreased the water loss from 
beef during heating and that this hydration effect was re­
lated to increases in tenderness* These workers suggested 
that in the range of 1*0° to 70° C,, dynamic shifts occur in 
the distribution of potassium, calcium, and magnesium in 
such a manner as to promote hydration of meat proteins*
tfeiser et al. (1953) produced profound effects on 
tenderness by modifying the ionic atmosphere of the proteins* 
It was concluded that post mortem changes in muscle proteins 
are in the nature of an ion-protein interaction*
Arnold et al* (1956) studied the amount of sodium, 
potassium, magnesium and calcium in meat ash, juice expressed 
on cooking and water extract from samples taken at three to 
thirteen days post mortem. Sodium and calcium were continu­
ously released by the muscle proteins, potassium was ab­
sorbed after the first twenty-four hours and magnesium was 
released during the first twenty-four hours and also between 
the sixth and thirteenth days. The total cationic shift was 
a movement of cations into meat, resulting in increased 
charge on the meat proteins allowing greater hydration and 
improved tenderness*
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Histamine and the mast cell
The above mentioned observations justify studying 
some of the physiological changes that occur in muscle tis­
sue that would alter the ionic atmosphere of the proteins. 
Much evidence has accumulated indicating that histamine 
affects membrane permeability.
Goodman and Gilman (1956) make the following state­
ments concerning histamine*
The compound is a natural constituent of many tissues, 
both plant and animal yet it has not been assigned a 
definite physiological role. Histamine evokes a wide 
variety of pharmacological actions in concentrations 
compatible with the possibility that endogenous hista­
mine may be the causative agent in numerous catastrophic 
processes to which the mammalian organism is exposed.
The following conclusions regarding mast cells are
those of Fulton et al. (1957)*
Tissue mast cells are involved in physiological pro­
cesses by the formation and release of humoral agents. 
The presence of heparin in mast cells is now well estab­
lished. It remains to be determined whether or not the 
release of heparin represents the primary function of 
the mast cell. Mast cells are also rich in histamine. 
Mast cells may produce hyaluronic acid, thus contribut­
ing to formation of the ground substance which acts as a 
barrier between capillary walls and the tissue cells. 
Production and release of 5-hydroxytryptamine is a pos­
sibility. The physiological significance of these facts 
is uncertain but the evidence suggests an important role 
in adjustment of the microcirculation to the needs of 
tissue cells, especially during trauma or stress.
Riley and West (1953) were the first to demonstrate 
the presence of histamine in mast cells. These workers 
obtained tissue from slaughter house animals within fifteen 
minutes of death and determined the amount of histamine
present by an assay method. Natural tissue spreads were
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also prepared from tissue taken soon after slaughter. The 
number of mast cells present were estimated by a subjective 
method. A strong positive correlation was found between 
histamine and mast cell contents of a variety of normal and 
pathological tissue.
A large number of organic bases can release histamine 
from the mast cells. Among these are therapeutic agents 
such as d-tubocurarine and diamidines (Patton, 1957)* A more 
specific and less toxic histamine liberator is compound 
48/80. This substance Is a condensation product of p-meth- 
oxyphenethylmethlyamine and formaldehyde (Riley, 1959)*
Draper and Smith (1961) reported the experimental 
elimination of mast cells from the peritoneal tissues of the 
rat by distilled water treatment inhibited the increase of 
vascular permeability which normally follows a passively 
induced antigen-antibody reaction in peritoneal tissue. In 
preliminary experiments similar results, though less strik­
ing, were obtained by repeated administration of the hista­
mine liberator, compound 48/80. These workers interpreted 
these results to indicate that the increased permeability 
accompanying the antigen-antibody reaction depends, in part 
at least, upon the presence of tissue mast cells and release 
of its histamine or 5-hydroxytryptamine or both.
Alksne (i960) studied the effect of histamine on the 
permeability of dermal capillaries using the mouse as a test 
animal. Colloidal particles of mercuric sulfide crossed 
dermal capillaries at increased rates when under the influ­
ence of histamine. Movements of the colloidal particles
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were determined with the light microscope as well as the 
electron microscope*
Macmillan (1956) observed an increase in plasma 
potassium levels following intravenous injections of hista­
mine. The maximum rise occurred in thirty seconds to three 
minutes after injection and was followed by a more gradual 
return to normal (twenty minutes)* This worker stated that 
the effects of histamine can largely be reproduced by the 
injection of potassium*
Hormonal control of the mast cell
The effect of cortisone on mast cell tumors has been 
reported by Bloom (1952). A total of 900 mg of cortisone at 
the rate of 100 mg daily was given intramuscularly to a dog 
with malignant multiple mast cell tumors* The tumors rap­
idly regressed in size and by the ninth day of treatment had 
completely disappeared macroscopically* Microscopically the 
mast cells, during the course of the treatment, showed cyto­
plasmic vacuolization, conglomeration, loss of staining abil­
ity and finally disintegrated.
Fulton (1953) injected subcutaneously 5 mg P©r day 
of cortisone acetate into hamsters for a period of twelve to 
twenty-three days. This treatment produced a decrease in 
number of tissue mast cells in the cheek pouch* Of the 
remaining mast cells, the size and staining ability were 
reduced*
Destruction of mast cells with cortisol was accom­
plished by Hill and Pospisil (1960a). These workers
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injected cortisol (k mg/100 gm) in rats and noted the effect 
on mast cells at three, six, twenty-four and forty-eight 
hours after injection* The mast cells swelled and reduced 
their stainability as early as three hours after cortisol 
treatment* Subsequently the granules were extruded from the 
cytoplasm, and at the end of forty-eight hours a large por­
tion of the mast cells had completely disintegrated.
A large body of evidence presented by Hector (1957) 
indicates that hormones may control permeability changes and 
permit the transfer of key metabolites into the cells as 
well as movements between localized compartments within the 
cell* Asboe-Hansen (1958) stated that it is generally 
recognized that women bind more water in the tissues before 
and during menstrual periods and in advanced pregnancy.
The histamine content of human uteri during preg­
nancy was compared to that of non-pregnant (Gunther and 
Patton, I960), Pregnant and non-pregnant uteri averaged 
0.83 and 8*58 ug/g tissue respectively. The values found at 
fourteen weeks did not differ significantly from those at 
forty weeks or at term.
The influence of an estrogenic compound on uterine 
histamine has been investigated by Spaziani and Szego (1958). 
These workers found that four hours after intravenous injec­
tion of estradiol into the ovariectomized rat, uterine his­
tamine concentration was significantly decreased. This 
decrement was not due to an increase in histaminase actively 
in the organ. There was an early accumulation of water, 
electrolytes and plasma proteins in the uterine wall after
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estrogenic stimulation* It was proposed that these changes 
are secondary manifestations of the hyperemia and increased 
capillary permeability resulting from estrogen induced 
release of endogenous histamine*
Studies by Spaziani and Szego (l959) present addi­
tional evidence that estrogenic stimulation of the rat uterus 
is mediated by histamine* Solutions of histamine dihydro­
chloride or of a synthetic histamine releasing agent (com­
pound 14-8/80) were introduced into the uterine lumen of 
adult castrated rats* Within four hours following admin­
istration, an increase in water content and changes in gross 
vascular appearance of the organ were produced which were 
comparable to the maxima induced by intravenous or intra­
luminal estrogen for the same period of treatment.
The literature of hormonal effects on mast cells is 
largely limited to estrogenic compounds and gluco-corticoids* 
Asboe-Hansen (1958) believes growth hormone brings about a 
stimulation of mast cell production of acid mucopolysaccha­
rides, and the formation of collagen from fibroblasts* The 
effects of aldosterone and desoxycorticosterone acetate on 
mast cells were stated to resemble those of growth hormone*
MATERIALS AND METHODS
Two different experiments were conducted in order to 
test the theory that the amount of endogenous histamine is 
related to meat tenderness*
Because the mast cell has been shown to be the site of 
the histamine in the tissues, a study was designed to deter­
mine if tenderness is related to the number of mast cells*
The second study was a more direct approach as it was con­
cerned with the amount of endogenous histamine, as deter­
mined by an assay method, and meat tenderness*
Numbers of mast cells
Two methods of tissue preparation for mast cell stain­
ing were employed, a standard histological procedure and 
natural tissue spreads*
A. Standard histological procedures»
Procedures used for staining the mast cells were those 
of Smith and Atkins (l956). This ihethod deviates from stand­
ard histological procedures only in that the mast cells are 
over-stained which facilitates rapid counting* A useful 
outline of the above procedure is given by Pallaske and 
Schmidel (1959).
Selection and treatment of test cattle.— Three differ­
ent groups of cattle were used in this phase of the study*
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The first group consisted of twelve cattle which were given 
no treatment prior to slaughter* The purpose of this group 
was to determine if any difference in mast cell numbers 
could be detected in tissue from carcasses of varying degrees 
of tenderness*
The second group was composed of ten cattle which re­
ceived a histamine releasing compound, d-tubocurarine chlor­
ide (TCC)* This compound was injected intramuscularly into 
the neck at the rate of 6 mg (forty units) per 100 pounds of 
live weight fifteen minutes prior to stunning* This injec­
tion was given in an attempt to bring about some disruption 
or degranulation of the mast cell, as well as to observe its 
effect on mast cell numbers* Five cattle were slaughtered 
to serve as controls for this group*
In the third group, an attempt was made to increase 
the number of mast cells by injecting the hormone, proges­
terone* Four cattle received an intramuscular injection of 
500 mg of progesterone twice daily for ten days while a 
fifth was injected daily in the same manner and for an equal 
period of time with 10 cc of distilled water*
All cattle in the three groups mentioned above were 
yearling heifers, but differed considerably in breeding*
These cattle were either purebreds of the English breeds, 
Brahmans, Charolaise or crosses of these breeds* Some of 
the heifers had just attained the yearling classification 
whereas some were approaching two years old*
Sampling*- A section of the longissimus dorsi muscle
15
at the twelfth rib was removed two hours after slaughter* 
Samples were also taken from the mesentery and liver* The 
latter samples were taken for purposes of checking the fix­
ing and staining procedures as large numbers of mast cells 
have been reported in these tissues (Riley 1959)* In most 
cases, samples were also taken from the same area seven days 
after slaughter*
Fixing and staining*- Several samples from the areas 
mentioned were cut into rectangular blocks approximately 
1 cm x 1 cm x 2 cm and allowed to stand overnight in ten 
volumes of fixing solution to one volume of tissue* The 
fixed tissues were imbedded in paraffin and sectioned by 
standard histological procedures* At first, sections were 
made perpendicular to the muscle fiber* After some diffi­
culty in demonstrating the presence of mast cell in the 
muscle tissue by this method, sectioning was performed by 
cutting the tissue parallel to the muscle fiber*
Four to six sections of tissue 10 microns in thickness 
were placed on a glass slide and dried in preparation for
staining* The procedure for removing the paraffin and
staining was performed by placing the prepared slides in a 
ten-compartment glass staining rack and passing the rack 
through the various solvents and dying solutions* These 
procedures usually vary between laboratories; therefore, 
procedures used in this study are reported belowa
1* Xylene X * * . * * * * 5  min 
2* Absolute Alcohol * * * 5 min
3* 95% Alcohol. • • • • • 5 min
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Toluidine Blue . . • 1 hour
5. Acid Alcohol . . . • 5 sec6. h2o ..............
7. Eosin Solution • • • 2 mln
8. 95% Alcohol. . . . • 1 min
9. 95% Alcohol. . . . • 1 min10. Absolute Alcohol . • 1 min
U. Absolute Alcohol • . 1 rain12. Xylene II. . . . . • 5 mln
13. Xylene III • • • •
Counting.— A standard Bausch and Lomb microscope was 
used for counting purposes. A stage micrometer was used to 
calibrate the area of the field using the 10 X ocular and 
^ mm objective. The calculated area of the observed field 
was 0.107^ sq mm. This was done to determine the number of 
fields required to give a total viewing area of approximately 
10 sq mm. One hundred different fields were counted from 
three or four sections taken of the same sample. Other 
workers have reported on numbers of mast cells using a com­
parable area (Grahne, 1959? Lindholm, 1959)*
Utilizing this method of sectioning} complete and 
intact mast cells were visible only in a few sections. For 
the most part, the number reported represented mast cell 
fragments identified by its characteristic granules.
B* Natural tissue spreads»
Techniques were developed for preparing tissue spreads; 
however} the fixing solution and staining procedures were 
the same as described by Smith and Atkins (1956).
Selection and treatment of test cattle.— Tissue from
ninety-six carcasses was used in making natural tissue spreads.
Tissue from two carcasses was used to develop the tech­
nique of preparing the tissue spreads or "whole mounts" as
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they are sometimes called* These two carcasses were from 
the untreated group from which tissue was taken for section­
ing. The remainder of the animals in this group were broken 
down into three groups which corresponded to those where 
standard histological procedures were used* They were* (l) 
untreated cattle, (2) cattle receiving an injection of TCC, 
and (3) cattle receiving an Injection of a hormone, either 
desoxycorticosterone acetate (OCA) or hydrocortisone*
The untreated group consisted of 38 crossbred steers,
35 grade Hereford steers and 12 cattle of unknown breeding 
and history* The crossbred and grade Hereford steers were 
grain fed and varied in slaughter grade from utility to low 
prime* The 12 cattle of unknown history consisted of 6 
steers approximately 3 years old and 6 calves of weaning age*
The cattle receiving the TCC (Group 2) differed widely 
in breeding, sex and age* This group consisted of 2 pure­
bred two-year-old Angus bulls, 1 ten-month-old Holstein 
steer, 1 twelve-month-old Brangus steer, 1 two-year-old 
Hereford heifer and 2 Angus steers that were fifteen months 
of age*
The two Angus bulls were injected with TCC at the same 
rate as described previously* A third Angus bull was 
slaughtered to serve as a control* The Holstein steer was
injected at the rate of 3 mg of TCC per 100 pounds live
weight daily for five days prior to slaughter*
A catheter was inserted into the jugular vein of the
remaining cattle (5) in this group four hours prior to
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slaughter. The Brahman heifer served as a control for this 
group. The only treatment given this animal was that the 
catheter was also inserted into the jugular vein.
Four hours after inserting the catheters an attempt 
was made to inject 6 mg per one hundred pounds live weight 
of TCC into the blood stream by way of the catheter of four 
of these animals. In only one case did the TCC pass through 
the catheter. The other three animals were given intramus­
cular injections of TCC at the above rate.
Natural tissue spreads were made from loose connec­
tive tissue of four carcasses of cattle (Group 3) that had 
received intramuscular injections of 500 mg of hydrocorti­
sone daily for twelve days prior to slaughter and also from 
four that had received in the same manner and for the same 
period 150 mg of desoxycorticosterone acetate (DCA). Two 
cattle were injected daily the same as above but with 20 cc 
of physiological saline.
Sampling.— Loose connective tissue was taken from 
three areas of the carcass. These connective tissues were:
(l) that found between the diaphragm muscle and its thick 
collagenous covering, (2) from within the longissimus dorsi 
muscle at the twelfth rib, and (3) from the area between the 
longissimus dorsi and its covering of fat. Not all carcasses 
were sampled in all three areas. The reason for studying the 
loose connective tissue surrounding the diaphragm muscle was 
that these samples could be taken from carcasses without 
interfering with the experiment to which they were allotted.
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This procedure made available large numbers of untreated 
animals from other experiments which otherwise would not 
have been sampled. It was felt that the number of mast 
cells here would be proportional to numbers found throughout 
the carcass.
Samples were taken fifteen minutes and also at seven 
days after slaughter from the diaphragm of the thirty-eight 
crossbred steers. After cooking and identifying the extremes 
in tenderness in this group, loose connective tissue was 
taken from within the longissimus dorsi (Figures 1 and 2) 
and also from the area previously described on the outside 
of this muscle. Only ten carcasses were sampled in this 
manner. Samples were taken from carcasses represented by 
the five highest and five lowest shear values. These samples 
were taken seven days from the date of slaughter.
Carcasses from thirty-five grade Hereford steers were 
sampled seven days after slaughter from within the longissi­
mus dorsi muscle.
The carcasses of the hormone treated group, as well as 
those receiving TCC, were sampled at one hour and also at 
seven days after slaughter. Tissue taken at the one hour 
sampling period was from the diaphragm muscle while that 
from the carcasses after seven days of aging was from the 
longissimus dorsi muscle at the twelfth rib.
Preparation of the natural tissue spread.— Natural 
tissue spreads were made by taking some of the loose connec­
tive tissue from the areas mentioned and placing the tissue
20
' Fig. 1.--The longissimus dorsi muscle at the twelfth 
rib with an abundance of loose connective tissue.
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Fig. 2.--The longissimus dorsi muscle at the twelfth 
rib with only a small amount of loose connective tissue.
1
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on a standard glass slide* The tissue was spread to approxi­
mately its original size with dissecting needles* Loose 
connective tissue from within the longissimus dorsi was re­
moved with a scalpel and tweezers* When the diaphragm muscle 
is pulled away from the thick diaphragm membrane, large 
areas of loose connective tissue are exposed* The same is 
true when the longissimus dorsi muscle is separated from the 
covering of fat (Figure 3)* These tissues were draped over 
a glass slide (Figure 3) and the excess removed by pressing 
the back of the scalpel along the edge of the slide* The 
thick portions were then removed and the tissue spread out 
with the dissecting needle* Tissue spread on a slide by the 
technique presented above adheres to the slide during the 
fixing and staining process without any mechanical means of 
attachment*
Fixing and staining*— After the tissues were placed on 
the glass slide, the slides were placed in a ten-compartment 
glass staining tray and allowed to air dry* The tissues 
were then fixed by immersing the tray containing the slides 
into the fixing solution and allowing the tray to remain 
overnight*
Counting*— Actual counts of the mast cells in natural 
tissue spreads were not made* A scale, of even numbers 12 
through zh inclusive, was set up to designate the number of 
mast cells present* The number assigned to any given tissue 
spread was estimated to be proportioned to the actual number 
of mast cells*
Fig. 3 •— The manner in which the loose connective tis­
sue from the area outside of the longissimus dorsi muscle is 
draped over a slide.
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Statistical treatment.- Simple correlations vere deter­
mined between the number of mast cells and mechanical shear 
values of the untreated cattle in Group 1. The T test de­
signed by "student" was applied to the means of the numbers 
of mast cells found in the longissimus dorsi of crossbred 
steers in Group 1 which represented the five highest and 
five lowest shear values* The statistical procedures were 
those of Snedecor (1950)*
Endogenous histamine
Selection and treatment of test cattle,- With only two ex­
ceptions, the cattle and groups in this phase of the study 
were the same ones used for determining mast cell numbers in 
natural tissue spreads* The 35 grade Hereford steers in 
Group 1 were omitted and only the three Angus bulls in Group 
2 were used*
Sampling.- In Group 1, tissue from the diaphragm muscle was 
used* A section of the muscle approximately two inches 
square was removed six inches above the sternum, 15 to 20 
minutes after stunning* The surrounding membranes were 
removed and duplicate 5 gram samples were taken and immedi­
ately frozen in dry ice and acetone* The frozen tissue was 
then wrapped in a waxed paper and stored at 0° Fahrenheit 
for several weeks before the assays were performed*
In Group 1 samples were taken from each crossbred 
steer; however, the amount of histamine was determined only 
in tissue from carcasses having the twelve highest and
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twelve lowest mechanical shear values* All samples from 
carcasses of the twelve cattle of unknown history were 
assayed*
In Groups 2 and 3 duplicate 5 gram samples were taken 
fifteen minutes after stunning from the longissimus dorsi 
muscle at the twelfth rib as well as from the diaphragm 
muscle* The procedure for freezing and storage of these 
samples was the same as the methods used for Group 1* 
Histamine assay*--The histamine assay used in this study was 
a modification of the method by Shore, ejt al»(l959)* There 
were no modifications in the chemistry of the procedure; 
however, many physical changes were made* The major changes 
in the procedure werei (1) the use of different glassware,
(2) a mortar and pestle were used as an aid in extracting 
the histamine into the perchloric acid rather than a motor 
driven homogenizer, and (3) an ordinary Klett fluorimeter 
was used rather than a spectrofluorimeter• The detailed 
procedure used in this study is presented below*
Preliminary preparations*— One and five-tenths (1.5) 
grams of solid NaCl was placed in a ^0 ml glass stoppered 
centrifuge tube* To this, 0*5 ml of 5 N NaOH and 10 ml of 
butanol were added* Also at this time *4*5 mis of 0*1 N HC1 
and 15 mis of N-heptane were added to a 50 ml glass stop­
pered centrifuge tube*
Extraction procedure*— Twenty-five mis of 0.̂ 4 N per­
chloric acid were added to a mortar placed under a hood*
The frozen tissue sample of approximately 5 grams was
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weighed accurately and quickly on a single pan electronic 
balance. The frozen sample was cut with scissors In six to 
eight pieces while holding it in the waxed wrapping paper 
and allowing the pieces to drop Into the 0.4* N perchloric 
acid. After which, the tissue was ground thoroughly with 
the pestle, allowed to stand ten minutes and ground again. 
The contents of the mortar were then poured into a 50 ml 
glass stoppered erlenmeyer flask. The contents remaining in 
the mortar and on the pestle were rinsed into the erlenmeyer 
flask with the amount of perchloric acid that would be 
equivalent to nine volumes of the tissue less the 25 mis 
already used. The flask and its contents were then shaken 
for ten minutes on an automatic shaking apparatus. After 
pouring to a 50 ml glass centrifuge tube, and centrifuging 
for twenty minutes at 1500 RPM, a Ur ml aliquot of the 
supernatant fluid was transferred to the 4*0 ml glass stop­
pered centrifuge tube containing the solid NaCl, 5 N NaOH 
and butonol that had been previously prepared. The centri­
fuge tube and its contents were shaken for five minutes and 
centrifuged at 1200 RPM for twenty minutes. Immediately 
after centrifuging, the aqueous phase was removed by aspira­
tion. To the butonol, 5 mis of salt (NaCl) saturated 0.1 N 
NaOH was added, shaken for one minute, and centrifuged for 
twenty minutes at 1200 RPM, Eight mis of the butonol were 
removed and added to the centrifuge tube previously prepared 
that contained the 0.1 N HC1 and n-heptane. The contents of 
this tube were then shaken for one minute and centrifuged
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twenty-five minutes at 1200 RPM. About 95 per cent of the 
n-heptane was removed by aspiration. Four (4) mis of the 
0.1 N HC1 containing the histamine was removed to a test 
tube.
Fluorometric assay.— To estimate the amount of hista­
mine in the acid extract prepared as described above, 0.8 
ml of 1 N NaOH was added followed by 0.2 ml o-phthaldalde- 
hyde (OPT). After four minutes, 0.4 ml of 3 N HC1 was added. 
The contents of the tube were thoroughly mixed after each 
addition.
The intensity of fluorescence produced as a result of 
the coupling of the OPT and histamine was measured one min­
ute after adding the 3 N HC1 using a Klett fluorimeter con­
taining a light filter producing a wave length of 330 mu.
The amount of histamine in a given sample was deter­
mined from a standard curve prepared by running known 
amounts of histamine through the procedure (Figure 4).
Statistical treatment.--A simple correlation was deter­
mined between the amount of histamine present in the dia­
phragm and mechanical shear value of all untreated animals 
in this phase of the study. The T test of "student" was 
applied to the means found for the amount of histamine in 
twelve carcasses of high and twelve carcasses of low mech­
anical shear value which were also of the untreated group 
(Snedecor, 1950).
Cooking and shearing
Seven days from the date of slaughter a section of the 
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containing the twelfth rib, was removed for cooking from 
each carcass in this study. These rib roasts were cooked at 
an oven temperature of i^8° C and to an internal temperature 
of 61° C. The internal temperatures were recorded with a 
Minneapolis-Honeywell recording potentiometer. From each of 
three positions in the rib roast, dorsal, central and lat­
eral, a core, one inch in diameter and parallel to the 
muscle fiber, was removed for shearing purposes. Each of 
these one-inch cores was sheared twice on the Warner-Bratzler 
shearing device. The average of these measurements is re­
ported as the shear value.
A trained taste panel rated the shear values obtained 
in this laboratory in the following order: below 12, ex­
tremely tender; 13-18 tender; 19— , moderately tough; and 
above 2k as being tough.
Observations
As the study progressed it appeared that cattle given 
any treatment or injection prior to slaughter, regardless of 
type, had a higher mechanical shear value than would normally 
be expected. To check this observation all cattle that had 
received a treatment or injection of any kind were compared 
to all untreated cattle used in this study.
Selection and treatment of test cattle.- Cattle used 
to study the effect of non-specific treatments were those 
injected with TCC, progesterone, DCA, hydrocortisone, hista­
mine dihydrochloride, as well as distilled water or physio­
logical saline.
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All the cattle have been described previously except 
observations were made on the tenderness of the carcasses of 
three steer calves, a Brown Swiss, and two Charolaise, that 
had been injected intravenously with 25 mg of histamine 
dihydrochloride thirty minutes prior to slaughter* One other 
animal not previously described that was used in this phase 
of the study was a high choice Hereford steer that was 
given 250 mg intravenously of decapryn succinate (an anti­
histamine) one hour before slaughter*
Five heifers from the untreated group in the study 
involving mast cell numbers by normal histological proce­
dures had received 30 to 50 mg of an estrogenic hormone nine 
days before slaughter as part of another experiment* The 
ovaries of these heifers were palpated on alternate days 
from the time the estrogens were given until slaughter. It 
was believed at that time the estrogens, would have no effect 
on tenderness as nine days had elapsed from the time the 
estrogens were given until slaughter. Therefore, they were 
included in the untreated group in the original study* By 
visual observations, it was obvious that these cattle were 
stressed by being confined to a small, strange pen, changing 
feed, being completely restrained during palpation, and the 
palpation itself. These heifers were allotted to the group 
used to study the effect of non-specific treatment*
Statistical treatment.- The T test of "student” was 
used to compare means of the non-specifically treated and 
untreated groups (Snedecor 1950)*
EXPERIMENTAL RESULTS
Mast cell numbers and tenderness
Standard histological procedures*- Standard methods of 
histological sectioning proved unsatisfactory in demonstrat­
ing the presence of large members of mast cell in muscle 
tissue. The data from this phase of the study are reported 
because techniques developed and observations made on the 
cattle used seemed pertinent to this study.
Some sections that contained part of the liver capsule 
and also some areas of the mesentery showed an abundance of 
mast cells. This was evidence that the staining procedure 
was adequate; however, if the mast cell is present in large 
numbers in muscle tissue, the reason for the infrequent 
appearance in the sections taken perpendicular to the muscle 
fiber is unknown. In no case in these cross sections was an 
intact and complete mast cell observed. Figure 5A shows a 
fragment of a mast cell in a section of muscle tissue taken 
perpendicular to the muscle fiber. The characteristic gran­
ules of the mast cells fragments are clearly visible when 
viewed under oil with the microscope. More intact mast 
cells, as well as a larger number, were shown to be present 
when the sections were made parallel to the muscle fiber. 
Figure 5B shows one of the largest groups of intact mast 





Fig* 5*—-Sections of tissue stained by using standard 
histological procedures* A* Section taken perpendicular to 
the muscle fiber* 950 X* B* Section taken parallel to 
muscle fiber* b$0 X*
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The data from the mast cell counts and shear values of 
the 12 untreated cattle in this phase of the study are pre­
sented in Table 1. No definite trends in numbers in rela­
tion to tenderness was observed* It was theorized that the 
number of stainable mast cells would decrease during the 
aging period. Since in some cases the number of mast cells 
observed in tissue taken seven days after slaughter was 
greater than that found when taken at^2^ hours, the validity 
of the methods used in sectioning are questionable.
The first five animals reported in Table 1 were con­
sidered as not having had any previous treatment. They were 
not given a treatment as part of this study but some factors 
in their previous history may account for the unusually high 
shear values obtained. The details of this are reported on 
page 30 in this study.
The effect of the TCC injections on mast cell numbers 
and tenderness are reported in Table 2. The data concerning 
the numbers of mast cells again were inconsistent. By 
visual observations a slightly greater degranulation of the 
mast cell was noted in animals receiving an injection of TCC 
than in controls.
The average shear values of the animals receiving the 
TCC was 25.6 as compared to 1-8.5 for the controls. The lean 
tissue from the carcasses of the treated animals appeared 
exceptionally watery.
The effect of the daily injection of progesterone» on 
mast cell numbers and tendernessy is given in Table 3.
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TABJLE 1.— A comparison of mast cell numbers In longitudinal 
sections of untreated cattle and mechanical shear values of
the twelfth rib roast
Animal
No.
Number of Hast Cells1 
24 hrs. 7 days
Shear
Value
92 108 44 32.25
132 27 24 22.56
437 46 76 21.31
423 25 28 26.37
234 20 97 29.20
133 46 62 25.30
865 18 26.85
979 21 — 16.62
298 12 -- 6.75
871 2 — 20.58
497 30 21 14.30
390 14 1 15.16
^Number of mast cells in 10.74 mm of sectioned tissue*
TABLE 2.--The effect of d-tubocurarine chloride injection on number of mast cells 




Number of Mast Cells1 











669 31 38 28.22 77k 9 7 17.25
130 28 6 2k.91 1*21 20 28 lk. 12
1*10 1*3 76 29.00 1*1*8 13 38 27.00
1*11 35 31 2k. 08 807 13 7 17.31*
1*1*1* 1*1 37 2k. 50 1*1*0 29 3 19.20
**33 105 32 27.21
1*1*2 1*7 37 29.89
559 26 9 18.99
511 9k — 27.08
762 32 — 22.37
Number of mast cells in 10. 7I* sq mm of sectioned tissue taken from the 
loneissiaus dorsi muscle at the twelfth rib when sampled 2l* hours and also 7 days 
post mortem.
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TABLE 3*— Effect of progesterone injection on numbers of mast 









7 days 9 days 1̂  days
380 Progesterone 36 39 33. 16.92 18.82
229 Progesterone 30 22 bo. ob 15.80 15.79
2b7 Progesterone 22 39 32.50 15.00 lb.62
227 Progesterone 56 29 27.39 22.25 25.33
220 Distilled Water 9 69 30.39 17.20 18.60
The treatment consisted of intramuscular injections 
of 500 mg of progesterone or 20 cc of distilled water twice 
daily for 10 days.
pNumbers of mast cells in 10.7b sq mm of sectioned 
tissue taken from the longissimus dorsi muscle at the 
twelfth rib 2b hours and also 7 days post mortem.
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Again, the numbers of mast cells in tissue taken from the 
longissimus dorsi at twenty-four hours and seven days, were 
inconsistent. No marked difference in shear values occurred 
between the animals injected with progesterone and the one 
injected with distilled water. The high shear values 
obtained, when cooked at the regular period of seven days, 
were greater than would normally be expected. One of the 
cores (Table 1 in appendix) had a shear value of fifty 
pounds. The decrease in shear value of the eleventh rib 
roasts, from the right side at nine days and from the left 
at twelve days, as reported in Table 3» are much greater 
than normally encountered in this length of aging period.
The routine of restraining and injecting the cattle 
twice daily appeared to stress them considerably. The 
effect of any treatment thought to cause stress will be 
reported later in this study.
Natural tissue spreads.— The natural tissue spreads 
proved excellent for demonstrating the presence of mast 
cells in the loose connective tissues. The mast cell can be 
definitely identified by its characteristic granules shown 
in Figure 6. The cells are somewhat over-stained for deter­
mining the detailed morphological characteristics; however, 
this is done purposely in order to facilitate counting.
Definite variations in numbers of mast cells occurred 
in the tissue spreads; however, some of the variation is 
inevitably due to sampling and the relatively crude methods 
used in preparing the natural spreads. Figure 7 A represents 
the maximum number obtained by the methods used. This fig­
ure represents a microscopic field of the loose connective
3 8




Fig* 7*— Comparison of microscopic fields in a natural 
tissue spread having (A) an abundant number of mast cells 
and (B) in which relatively few are visible* 100 X.
1*0
tissue of the longissimus dorsi muscle from animal No* 238* 
The number shown here represents the most mast cells en­
countered in any one field in this study* This tissue was 
given the maximum rating (Zh) for numbers of mast cells*
Also the shear value was the lowest (6*5) of any animal 
studied.
Figure 7B represents a microscopic field of the loose 
connective tissue from the longissimus dorsi muscle of ani­
mal No* 871* A rating of 16 was given to this tissue spread 
to designate the numbers of mast cells* The number found is 
slightly less than the average number encountered. The 
shear value for this animal was 20*58*
Figures 8A and 8B show a large number of mast cells 
when the magnification is U-50 X and 950 X respectively. It 
is evident the mast cells make up a significant proportion 
of the loose connective tissue*
The results of taking the loose connective tissue from 
the diaphragm muscle 15 minutes and again at 7 days after 
slaughter are given in Table k. In most cases there are 
definitely more stainable mast cells when the tissue is 
taken early after slaughter than 7 days later* The correla­
tion coefficients between mast cell numbers» whether the 
tissue was taken at the 15 minute sampling period or at 7 
days, were non-significant (r = 0.09 and 0.06 respectively).
The data concerning the samples taken at 7 days from 
the longissimus dorsi muscle and between this muscle and the 
exterior fat covering are reported in Table 5* The correla­
tion coefficients between numbers of mast cells and
/
A
Fig. 8,— Photographs demonstrating that loose con­
nective tissue is composed of a high percentage of mast 
cells. A, k50 X. B, 950 X.
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TABLE 4.-— A comparison of the number of mast cells in the 
loose connective tissue surrounding the diaphragm muscle of 













15 mini 7 days
Shear
Value
122 18 18 12.42 510 22 16 17.83
524 20 10 18.08 643 16 12 13.83
213 22 20 28.62 344 22 24 15.75
515 l4 18 13.75 618 22 16 12.582l4 22 16 23.08 421 22 22 15.62
231 18 18 21.42 232 18 20 32.83
333 20 18 26.92 120 24 12 16.17
646 18 20 23.50 511 22 16 19.62
5ko 22 20 22.92 123 24 l4 13.62
620 20 16 19.67 230 20 22 18.92
6k o 20 18 16.83 433 22 20 19.42
k3k 18 22 12.75 132 22 20 16.5k
k n 22 18 18.63 444 22 18 lk.79
6k5 20 l4 14.96 621 16 22 19.88
133 22 20 12.88 l4i 22 18 lk.00
430 22 20 17.58 330 24 20 17.k6
k3i 20 20 16.5** 547 16 16 18.08
6 lk 18 20 21.83 546 20 20 18.21
632 22 18 18.k6
3ko 20 16 19.21
^Samples taken 15 minutes and also 7 days post mortem 
from crossbred steers.
2Subjective estimate of numbers of mast cells present 
according to scale used.
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TABLE 5.--Numbers of mast cells in the loose connective tis­
sue1 and the corresponding shear value of the twelfth rib 
roast. Samples were taken (A) Within the longlssimus dors! 
















1 16 20 12.58 19 lk lk 16.21
2 20 22 15.08 20 lk lk 22.83
3 22 20 11.04 21 18 16 19.08
4 20 18 12.00 22 lk lk 19.37
5 16 18 16.04 23 20 18 15.12
6 16 18 10. ok 2k 22 22 22.62
7 22 22 21.96 25 16 l4 23.33
8 16 20 12.58 26 16 16 21.58
9 20 20 14.08 27 12 l4 15.29
10 22 22 23.75 28 18 22 13.96
11 12 16 22. 12 29 l4 l4 18.46
12 20 18 16.75 30 lk 16 16.58
13 20 18 21.85 31 20 22 16.27
l4 16 l4 11.87 32 20 22 11.46
15 16 18 16.00 33 16 18 21.85
16 20 20 19.54 3k 18 l4 14.08
17 l4 16 lk.66 35 20 18 8.5
18 18 18 lk.96
Samples taken 7 days post mortem from grade Hereford 
steers.
2Subjective estimate of numbers of mast cells present 
according to scale used.
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tenderness from each area sampled were non-significant.
(r = 0.06 and 0.0̂  respectively).
The number of mast cells in tissue taken from carcas­
ses representing extremes in shear values are reported in 
Table 6. The tissues were taken from within and on the out­
side of the longissimus dorsi muscle and represent carcasses 
having the 5 highest and 5 lowest mechanical shear values 
from the group of crossbred steers.
The final group of untreated cattle from which tissue 
was taken for natural tissues is presented in Table ?• No 
definite trend could be established in mast cell numbers and 
tenderness of the twelfth rib roasts. By the subjective 
method of counting, more mast cells were observed in the 
older cattle than in the younger group. There were three of 
the calves that would be considered moderately tough, whereas 
only one of the three-year-old steers would be classified in 
this category. A possible reason for the few mast cells 
observed in the tissues of animal No. 5 is that this piece 
of tissue became partially frozen. Freezing definitely 
destroys the staining ability of the mast cell.
The effects of the histamine releasing agent, d-tubo- 
curarine chloride, on the number of mast cells and mechani­
cal shear values are presented in Table 8.
The Holstein steer was injected daily for 5 days with 
3 mg of TCC per 100 lbs live weight. This dosage made the 
steer unable to stand in about 6 minutes but otherwise the 
animal appeared to be normal. When 6 mg per 100 pounds live 
weight were given to cattle, the animals usually became
1+5
TABLE 6.--Number of mast cells in loose connective tissue 
from carcasses representing extremes in shear values - (A) 
within the longissimus dors! muscle and (B) between this 
muscle and its exterior fat covering.















61+6 16 18 23.56 133 lU 20 12.88
320 20 16 22.70 122 20 20 12.^2
213 22 20 28.82 1̂ 0 20 20 10.33
6l*+ 22 li+ 21.83 131 20 22 10.53




estimate of numbers of mast cells accord-
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TABLE 7.--'Numbers of mast cells in the loose connective tis­
sue surrounding the diaphragm muscle and corresponding mech­
anical shear value of twelfth rib roast of three-year-old















1 20 23.58 7 22 14.63
2 22 16.92 8 22 19.83
3 22 16.78 9 2k l4.4l
4 22 23.92 10 18 29.37
5 lk 22.13 11 20 15.42
6 22 13.25 12 22 22.46
1These cattle are of unknown history.
2Subjective.estimate of numbers of mast cells accord­
ing to scale used.
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TABLE 8•--Effect of d-tubocurarine chloride (TCC) injection 
on mast cell numbers and mechanical shear value of the
twelfth rib roasts
Animal
No. Breed Sex Treatment*




101 Holstein Steer TCC — 17.08
L77 Angus Steer TCC 18 13.62
L79 Angus Steer TCC 20 16.15
13** Hereford Heifer TCC 16 21.00
USL2 Brangus Steer TCC 22 25.25
772 Angus Bull TCC 20 29.37
770 Angus Bull TCC 20 **1.09
766 Angus Bull Control 18 33.06
**99 Brahman Heifer Control lk 28.3**
1Animal No. 101 (live weight **50) was Injected daily
with 9 mg of TCC for 5 days. Other animals receiving TCC 
were at the rate of 6 mg per 100 lbs live weight* The Angus 
bull No* 766 did not receive any treatment, whereas a cathe­
ter was Inserted into jugular vein of Brahman heifer No. **99.
2Subjective estimate of number of mast cells according 
to scale used*
**8
unable to stand in 6 to 12 minutes and death followed due to 
respiratory failure.
Animals No. L77, L79, 13**, USL2 and **99 were treated 
by inserting a catheter into the jugular vein approximately 
** hours before injecting the TCC or stunning as in the case 
of the control heifer. The attempt to inject the TCC dir­
ectly into the blood stream was successful in only one ani­
mal, No. 13*t. When the TCC was injected directly into the 
blood stream, death followed immediately. After falling to 
get the TCC through the catheter of animals No. L77, 1*79 and 
USL2, they were given the TCC by an intramuscular injection.
The number of mast cells found in the tissues sampled 
varied as much as had been found in animals not receiving 
TCC. The shear values were not as consistently high as in 
previous cattle given TCC. The 2 steers with the low shear 
values, L77 and L79, did not respond to the TCC as did 
other animals that had received a similar injection. They 
were not killed by the injection and had to be stunned in 
the normal procedure.
The shear values of all 3 bulls were unusually high.
A core taken from the twelfth rib roast of bull No. 770 is 
shown in Figure 9. This core did not separate completely on 
the Warner-Bratzler shearing apparatus. The core appeared 
to have numerous strands of connective tissue.
The effect of daily injections of the adreno-cortical 
hormones on number of mast cells and tenderness is given in 
Table 9* Large numbers of mast cells were found in the tis­
sues of sane of the cattle that had received either the DCA
Fig# 9.— Lateral one-inch core from the twelfth rib 
roast of bull No. 770 that was not sheared nrhen 50 lbs of 
pressure was applied using the Warner—Bratzler shearing 
machine#
TABLE 9**—'The effect of adreno-cortical hormones on the number of mast cells and the
mechanical shear value of the twelfth rib roasts
Animal
No. Treatment*












701 DCA 20 12 31.20 702 Hydrocortisone 22 12 42.08
705 DCA 22 20 23.92 703 Hydrocortisone 16 22 36.60
709 DCA 20 22 25.66 704 Hydrocortisone 24 22 23.46
710 DCA 20 22 24.37 707 Hydrocortisone 12 12 24.97
706 Control^ 18 22 27.29 708 Control 22 12 33.33
^Treatment consisted of an intramuscular injection of $00 mg of hydrocortisone 
or 150 mg of desoxycorticosterone acetate (DCA) daily for 12 days ante mortem.
2Subjective estimate of number of mast cells in loose connective tissue accord­
ing to the scale used when taken from (A) that surrounding the diaphragm muscle and 
(B) within the longissimus dorsi muscle, at 1 hour and also 7 days post-mortem, 
respectively.
3Controls were given an intramuscular injection of 20 cc of physiological 
saline daily for the same period.
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or hydrocortisone* No consistent trend between mast cell 
numbers and shear value could be established. The effect of 
the daily injections may have been a factor in the unusually 
high shear values obtained* Those receiving the DCA appeared 
to be stressed to a greater extent than those receiving 
hydrocortisone* Animal No* 710 went into convulsions at the 
packing plant and was unable to stand.
Endogenous histamine and tenderness.- The amount of 
histamine in the diaphragm muscle, as determined by the his­
tamine assay method used, is reported in Table 10 when the 
assays were performed on tissue from carcasses represented 
by high and low shear values.
The mean value of histamine found in the group of high 
and low shear values were 5*98 and 5*33 ug per gram of tis­
sue, respectively* The difference between means was non­
significant as determined by the '•student1' T test. (T = 
1.222).
Data obtained from the histamine assays on the dia­
phragm muscle of 6 weaning age calves and 6 three-year-old 
steers and reported in Table 11* The correlation between 
the amount of histamine and shear value was nonsignificant 
(r = -O.llfl).
Results of the assay for histamine in the tissues of 
3 Angus bulls are presented in Table 12* No histamine was 
found in the longissimus dorsi muscle of the 2 bulls receiv­
ing an ante mortem injection of TCC, and only half as much 
was present in the diaphragm as was in the dlaphra of the
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TABLE 10.— A conparlson of the amount of histamine in the 
diaphragm muscle of carcasses represented by high and low 
shear values of the twelfth rib roasts
High Low
Animal Shear Animal Shear
No. Histamine Value No. Histamine Value
ug/g tissue ug/g tissue
646 If.2 23.50 6l8 5.8 12.58
331 7.2 26.92 61*3 5.5 13.83630 7.4 28.62 133 4.6 12.88214 8.3 23.08 ll*l 6.8 ll*.00
532 8.2 21.67 610 7.5 14.25
6l4 5.7 21.83 515 1*. 2 13.75231 3.8 21.1*2 533 8.1 14.54
531 7.2 - 21.42 131 1*.8 10.5834o 3.2 19.21 6 30 7.1 14.62620 5.1 19.61 528 2.3 12.42
622 5.0 19.92 61*5 1*.8 14.96621 6.4 19.88 1*31* 2.3 12.75
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TABLE 11.--The effect of d-tubocurarine chloride injection 
on the amount of histamine in the tissues and shear value of









770 TCC 0.0 3.1 *H.09
772 TCC 0.0 3.2 29.37
?66 Control 2.2 6.3 33.06
1d-tubocurarine chloride injected at the rate of 6 mg 
per 100 lbs live weight.
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TABLE 12.--The amount of histamine in the diaphragm muscle 
of cattle of different age group and the corresponding shear 















1 5 A 23.58 7 8.0 1^.63
2 5.7 16.92 8 13.2 19.87
3 7.8 16.78 9 10. 1 l̂ .l+l
k 7.^ 23.92 10 6.3 29.37
5 3.8 22.13 11 8.3 15. 2̂
6 8.2 13.25 12 9.2 22.^6
^Cattle are of unknown history} calves were weaning 
age and steers approximately 3 years old.
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untreated bull. Mechanical shear values for all 3 bulls 
were unusually high.
Table 13 shows the amount of histamine present in the 
muscle tissue of the diaphragm and longissimus dors! from 
cattle that had received an intramuscular injection of 500 
mg of cortisone or 150 mg of desoxycorticosterone acetate 
(DCA) daily for 12 days prior to slaughter. Two of the 
cattle presented in this table had received a muscular in­
jection of 20 cc of physiological saline for the same period 
of time. No definite trends in the amount of histamine 
present in either of the hormone treated group could be de­
tected. The shear values of those receiving the hormones, 
as well as the controls, in this group of cattle were excep­
tionally high. This is the same group of cattle used in 
studying the effect of adrenocortical hormone on numbers of 
mast cells, and more detailed results concerning these shear 
values were presented on page ^8.
Observations
When all UrZ cattle receiving a treatment, i.e., an 
injection of any kind (histamine dihydrochloride, TCC, hydro­
cortisone, progesterone estrodial, physiological saline, dis­
tilled water or an antihistamine) were compared to the $6 
untreated cattle used in this study, a highly significant T 
value for differences in means was obtained (T = 8.70). The 
means of the shear values for the non-specifically treated 
and untreated groups were 27.5^ and 18.00 respectively.
Shear values for these animals are reported in Table 1^.
TABLE 13•--Amount of histamine in muscle tissue taken from (A) the diaphragm and
(B) longissimus dorsi after adreno-cortical treatment
Histamine Histamine
limal Treatment1 ug/g tissue Shear Animal Treatment ug/g tissue Shear
No. (A) (B) Value No. (A) (B) Value
701 DCA 7.3 3.2 31.20 702 Hydro­
cortisone
9.1 4.6 42.08
705 DCA 6.3 3.2 23.92 703 Hydro­
cortisone
6.4 2.6 36.60
709 DCA 5.8 2.6 25.66 704 Hydro­
cortisone
8.8 3.1 23.46
710 DCA 11.4 3.4 24.37 707 Hydro­
cortisone
6.7 3.6 24.97
706 Control2 8.1 1.6 27.29 i 708 Control 9.0 4.25 33.33
Treatment consisted of an intramuscular injection of 500 mg of hydro­
cortisone or 150 mg of desoxycortisone acetate (DCA) daily for 12 days ante- 
mortem.
oControls were given an intramuscular injection of 20 cc of physiological 
saline daily for the same period*
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The letter MA" is placed in front of the untreated cattle of 
unknown history to distinguish between these animals and the 
untreated grade Hereford steers in Table l4.
Shear values of animals receiving histamine dihydro­
chloride and decapryn succinate are reported in Table 15* 
This is the only group that received an injection of any 
type in which the shear values were not consistently high. 
The shear value of the Hereford steer receiving decapryn 
succinate is higher than would normally be expected.
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92 32.25 442 29.89 L79 16.15 702 42.08132 22.56 559 18.99 134 21.00 703 36.60
437 21.31 511 27.08 USL2 25.25 704 23.46
423 26.37 762 22.37 77 2 29.37 707 34.97
23k 29.20 380 33.41 770 41.09 708 33.33
669 28.22 229 4o.o4 499 28.34 303 13.67130 24.91 247 32.50 701 31.20 837 18.924l0 29.00 227 27.39 705 23.92 795 10.161m 24.08 220 30.39 709 25.66 711 29.00444 24.50 101 17.08 710 24.37
1*33 27.21 L77 13.62 706 27.29
Untreated
133 25.30 122 12.42 5 U 19.62 13 21.85
865 26.85 524 18.08 123 13.62 l4 11.87
979 16.62 213 28.62 230 18.92 15 16.00298 6.75 515 13.75 433 19.42 16 19.54
871 20.58 214 23.08 132 16.54 17 l4« 66
497 14.30 231 21.42 444 14.79 18 14.96
390 15.16 333 26.92 621 19.88 19 16.21774 17.25 646 23.50 l4i 14.00 20 22.83
421 l4.12 54o 22.92 330 17.46 21 19.08
448 27.00 620 19.67 547 18.08 22 19.37807 17.34 640 16.83 546 18.21 23 15.1244 0 19.20 434 12.75 632 18.46 24 22.62
A1 23.58 4i 1 18.63 34o 19.21 25 23.33A2 16.92 645 14.96 1 12.58 26 21.58
A3 16.78 133 12.88 2 15.08 27 15.29
A4 23.92 430 17.58 3 11.04 28 13.96
A5 22.13 431 16.54 4 12.00 29 18.46
A6 13.25 6l4 21.83 5 16.04 30 16.58
A7 14.63 510 17.83 6 10.04 31 16.27
A8 19.83 643 13.83 7 21.96 32 11.46
A9 l4.4l 344 15.75 8 12.58 33 21.85A10 29.37 618 12.58 9 14.08 34 l4.08All 15.42 421 15.62 10 23.75 35 8.50A12 22.46 232 32.83 11 22. 12
7 66 33.06 120 16.17 12 16.75
TABLE 15«~Results of shear value obtained from 3 cattle 
receiving an Intravenous Injection of blstamlne hydro­
chloride (25 mg) and 1 receiving an antihistamine, decapryn
succinate (250 mg)l





1The time of Injection ante mortem was 30 minutes and 
1 hour respectively for the histamine and antihistamine*
DISCUSSION
Numbers of mast cells
The standard histological procedures employed did 
not present a means for an accurate evaluation of numbers of 
mast cells in muscle tissue. The method used was sufficient 
to demonstrate the presence of mast cells in the mesentery 
and liver capsule; however, in tissue less homogenous such 
as muscle, these procedures proved inadequate.
Differences in numbers of intact mast cells observed 
when sections were taken perpendicular and when taken paral­
lel to the muscle fiber can probably be explained on the 
basis of thickness of tissue containing mast cells. The 
loose connective tissue membranes in which mast cells are 
found are exceptionally thin. These thin membranes sur­
round bundles of muscle fibers. When sections are taken 
perpendicular to the muscle fiber, perpendicular sections of 
the membrane containing the mast cells are taken also. This 
probably accounts for the observed mast cell fragments in 
cross sections of muscle. Occasionally, longitudinal sec­
tion would contain a portion of the loose connective tissue 
membrane with intact mast cells.
No reference is made in the literature of tissue 
taken as late as seven days post mortem for mast cell stain­
ing. The metachromatic granules of the tissue taken seven
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days post mortem did not stain as well as when samples were 
taken two hours after slaughter. However, in sectioned 
tissue, no difference in numbers could be detected between 
the two periods of sampling. Because the validity of the 
mast cell counts were questionable, no effort was made to 
analyze statistically^the data concerning numbers of mast 
cells in sectioned tissue and tenderness.
The staining of natural tissue spreads from loose 
connective tissue proved excellent for demonstrating the 
presence of large numbers of mast cells and the distribution 
of these cells in the beef carcass. Considerable variability 
in numbers of mast cells present in tissues of different 
animals was noted; however, no relationship could be estab­
lished between number of mast cells and amount of histamine 
present. A possible explanation of this observation is that 
the cattle varied to a great extent in the amount of loose 
connective tissue present. Also the mast cells can release 
histamine without being destroyed in the process (Riley, 
1959).
Therefore, the number of mast cells present in a 
given tissue spread did not prove to be a good estimate of 
the amount of histamine in muscle tissue when comparing tis­
sue from two or more animals. The natural tissue spreads 
may lead to an over-estimation of the numbers of mast cells 
present in muscle because the only tissue stained is that 
which contains these cells.
d-Tubochloride, histamine and meat tenderness
Injection of d-tubocurarine chloride brings about a
systemic reaction in which all mast cells are believed to 
participate (Goodman and Gilman 1958)* It may be noted that 
mast cells, from which histamine is released, are in loose 
connective tissue found most abundantly adjacent to rela­
tively thick collagenous tissue. Patton (1957) states that 
the relationship between the distance from a point source of 
diffusible material and the concentration of the material at 
that point is a rather steep one. From these observations 
it appears that the release of histamine would have a greater 
effect on the connective tissue proteins than on muscle 
plasma. Connective tissue appeared to be the primary fac­
tor in the high shear value (41.09) of the TCC injected 
Angus bull No. 770.
Histamine released while the blood circulation is 
still intact is probably destroyed by histaminase at a 
faster rate than when under anaerobic conditions. Hista­
minase (diamine oxidase) is a widely distributed flavin 
enzyme. Riley and West (1953) found approximately one-third 
as much histamine in the ox lung pleura twenty-four hours 
post mortem as was found when the tissues were assayed 
immediately after slaughter.
The release and destruction of histamine in cattle 
with injections of TCC prior to slaughter and the subse­
quent high shear values obtained are interpreted to mean 
that the effect of histamine present in tissues after 
slaughter is beneficial to the tenderization processes that 
take place during aging.
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Hormones, histamine and meat tenderness
It is generally agreed that there are marked differ­
ences in response from individual to individual and from 
species to species following hormonal treatment. Also, it 
is well known that different tissues and organs respond dif­
ferently to the injections of hormones. However, proges­
terone was injected into four cattle with the intent of 
increasing the number of mast cells in the muscle tissues.
The literature carries no direct evidence that this can be 
done. The statement of Asboe-Hansen (1957) that women bind 
more water in the tissues in advanced pregnancy than during 
earlier stages of pregnancy served as the basis for two 
assumptions. These were that mast cells increase during the 
early stages of gestation and that the increased water con­
tent in the tissues toward the end of the gestation period 
was caused by releasing the histamine. It has been shown 
that estrogenic activity increases in advanced pregnancy 
(Turner, 1961) and that estrogens are responsible for the 
release of histamine in the uterus (Spazioni and Szego, 1959)* 
During pregnancy if the amount of histamine in muscle 
tissue corresponds to that found in human uteri (average 
ug/g tissues were 0.83 and 8.53 for the pregnant and non­
pregnant respectively) by Gunther and Patton (i960), the 
above assumptions were incorrect. Since little difference 
in shear values were observed between the four progesterone 
injected cattle and the control, the unusually high shear 
values cannot be attributed to progesterone. No attempt 
will be made to explain the large decrease in shear values
6h
obtained from the seventh to the ninth day of the aging 
period*
The ineffectiveness of hydrocortisone to decrease the 
numbers of mast cells or histamine in the longissimus dorsi 
and diaphragm muscles is not in agreement with observations 
reported in the literature. Most workers agree that gluco­
corticoids antagonize the mast cells (Bloom*1952; Fulton* 
*953; Hill and Pospisil, i960). Possibly the amount of 
hydrocortisone injected was insufficient. Hill and Pospisil 
(i960) reduced numbers of mast cells in rats with one in­
jection of cortisone (k mg/lOO g body weight). The rate of 
injection of hydrocortisone to the cattle used in this study 
was 500 mg daily for twelve days. The cattle varied in live 
weight from 950 to 1200 pounds.
The literature is conflicting in regards to effect of 
mineralo-corticoids on mast cells. Asboe-Hansen (1957) 
believes the mast cells to be affected in opposite manner by 
gluco-corticoids and mineralo-corticoid, whereas Hill and 
Pospisil (i960) believe the adreno-cortical hormones produce 
the same effect on the mast cells. No distinction could be 
made in the amount of histamine in the tissues of the cattle 
receiving DCA or hydrocortisone.
Since shear values of the cattle injected with pro­
gesterone, DCA, or cortisone did not differ from shear 
values of the controls to these various tests, the high 
shear values obtained cannot be attributed to the actions of 
these hormones.
The method of Shore et al. (1959)* for assaying the
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amount of histamine in muscle tissue appears to give excel­
lent results. Since the method is new, a knowledge of fac­
tors that may affect this procedure is limited. Ihe hista­
mine was determined only in samples frozen in dry ice and 
acetone. However, it is believed that freezing the samples 
in this manner does not affect the results of the assay. 
Observations
The general systemic response of an animal to stress is 
well known. The highly significant difference between means 
of shear values found in cattle receiving an injection of 
any type and untreated cattle implies that the adreno­
cortical hormones play a role in meat tenderness. It is 
proposed that this role is mediated by endogenous histamine. 
It is general knowledge that stress increases the produc­
tion of adreno-cortical hormone. These hormones bring a b o u t  
a release of histamine (Spazini and Szego 1959) and the 
destruction of the mast cell (Bloom 1952; Fulton 1953; and 
Hill and Paspisil 1959).
Evidence for the above conclusion is not substantiated 
from the data obtained on mast cell numbers or histamine 
found in the tissues. The number of mast cells found in 
sectioned tissue is believed to be an underestimate of 
those actually present. In the natural spreads, only the 
loose connective which contains the mast cells is stained.
No measurement could be made of the total amount of loose 
connective tissue that is present. Therefore, the numbers 
of mast cells observed in tissue spreads would not be an 
indication of the total numbers of mast cells present.
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The amount of histamine found in the tissues indicates 
that this compound is not related to tenderness, but for 
final proof a statistically designed experiment with special 
emphasis on method of sampling needs to be conducted. The 
exact amount of histamine in the tissue immediately before 
stunning of the animal in the slaughter process may be dif­
ficult to ascertain, Fulton (1957) believes the primary 
function of histamine to be adjustment of the microcircula­
tion needs of the animal during trauma and stress. Undoubt­
edly, some histamine is released due to the stunning of the 
animal in the slaughter process. The difference in effect 
on tissues, if any, on releasing histamine with a releasing 
agent ten to fifteen minutes before bleeding and histamine 
released because of stunning one to two minutes before the 
blood is removed, is not known. It is inconceivable that 
all animals would not respond in the release of histamine in 
the same manner when stunned. Destruction of the histamine 
would depend to some extent upon the integrity of the cir­
culatory system.
As evidence accumulates, a working hypothesis in re­
gards to factors influencing tenderness in beef may be ob­
tained, even though basic data underlying the phenomena are 
still lacking. Several factors obtained in this study sub­
stantiate the theory that a large amount of histamine in the 
tissues at the time of slaughter is beneficial to the tender­
izing processes that take place in aging of beef. These 
ares (l) the animal with the largest number of mast cells 
in natural tissue spreads of all animals studied was the one
which had the lowest shear value; (2) the injection of a 
histamine releasing agent produces carcasses with high 
shear values; (3) stress of any type produced carcasses of 
higher shear values than were found in carcasses of unstres­
sed animals; (*4-) the injection of gluco-corticoids and DCA 
which are believed to be antagonistic to the mast cells 
produced carcasses of high shear values; (5) the injection 
of large amounts of progesterone, which is believed to be an 
intermediate compound in vivo synthesis of both the mineralo- 
and gluco-corticoids, produced carcasses of high shear val­
ues; (6) the injection of histamine dihydrochloride given to 
three calves did not bring about high shear values as was 
obtained when other compounds were injected; and (7) the 
injection of an antihistamine compound produced a carcass 
with a higher shear value than would be normally expected.
It is acknowledged that many factors are involved 
in tenderness and the theory stated above does not explain 
all the variability encountered in tenderness of beef.
SUMMARY
The effect of endogenous histamine on tenderness of 
beef was studied. Because histamine is present in mast 
cells, numbers of mast cells were used as criteria for the 
amount of histamine in muscle tissue. Numbers of mast 
cells, when determined from sectioned tissue or from nat­
ural tissue spreads, did not prove to be a good estimate of 
numbers of these cells in muscle tissue. However, staining 
of natural tissue spread produced evidence that mast cells 
are very numerous in loose connective tissues surrounding 
bundles of muscles. It was noted that considerable vari­
ability existed between animals in amount of loose connec­
tive tissue present within the longissimus dorsi muscles.
The amount of histamine in the diaphragm and long- 
issimus dorsi muscle was determined by an assay method. 
Nonsignificant correlations were obtained between the amount 
of histamine present and shear values of twelfth rib roasts. 
No relationship could be established between histamine con­
tent of muscle tissues and mast cell numbers. Attempts to 
alter the histamine content of muscle tissue by injections 
of progesterone, hydrocortisone, and desoxycorticosterone 
acetate were unsuccessful. Injections of d-tubocurarine 
chloride reduced the amount of histamine in the longissimus 




An injection of any type resulted in significantly 
higher shear values (P<0.01) than non-injected cattle. 
These results were interpreted using general knowledge of 
systemic responses to non-specific stress and some implica­
tions that these responses are mediated through the effect 
of histamine on membrane permeability.
LITERATURE CITED
Alksne, John F. I960. The passage of colloidal particles
across the dermal capillary wall under the influence 
of histamine. Quarterly Journal Exp. Physiol. 45*50.
Arnold, Nancy, Eugen Wierbicki and F. F. Deatherage. 1956.
Post mortem changes in the interactions of cations 
and proteins of beef and their relation to sex and 
diethylstilbesterol treatment. Food Technol. 10*245.
Asboe-Hansen, G. 1958* Hormonal effects on connective 
tissue. Physiological Reviews. 38*446.
Asboe-Hansen, G. 1952. The mast cell. Cortisone action on 
connective tissue. Soc. Exp. Biol, and Med. 80:
677.
Bloom, Frank. 1952. Effect of cortisone on mast cell
tumors (Mastocytoma of the dog). Proc. Soc. Exp. 
Biol, and Med. 79:651.
Deatherage, F. E. 1955. Investigation on the nature of 
certain qualities in meat. Proceedings, Seventh 
Research Conference, American Meat Institute.
Dorfman, A. and S. Schiller. 1958. Effect of hormones on 
the metabolism of acid mucopolysaccharides of con­
nective tissue. Recent Progress in Hormone Research. 
14-456.
Draper, L. R. and D. E. Smith. 1961. A function of the 
tissue mast cells. Science. 134:842.
Fulton, G. P. and F. L. Maynard. 1953. Effect of cortisone 
on tissue mast cells in the hamster cheek pouch.
Soc. Exp. Biol, and Med. 84:259.
Fulton, G. P., F. L. Maynard, J. F. Riley and G. B. Vest.
1957. Homoral aspects of tissue mast cells. Physio­
logical Reviews. 37*221.
Goodman, L. S. and A. Gilman. 1956. The Pharmacological 




Grahne, Bertel. 1959* The mast cell count in the sub-
epithelial tissue of the larynx, trachea and bron­
chi of human embryos. Acta Pathologica et 
Microbiologica Scandinavica. *4-6:Supp. 131 •
Gunther, Morris and W. D. M. Patton. i960. Histamine con­
tent of the human uterus. J. Physiol. 15̂ ***T7.
Hamm, Reiner. 1959. Biochemistry of meat hydration. Pro­
ceedings of the Eleventh Research Conference. The 
American Meat Institute Foundation.
Hector, 0. 1957* Reflections about hormone action and
implications for the cancer problem. Cancer 
Research. 17*512.
Hill, M. and M. Pospisil. 1960(a). Patterns of mucopoly­
saccharide secretion in mast cells in the course of 
stress. Acta Histochem. 10s109.
Hill, M. and M. Pospisil. i960. Identity of the cortisol 
and heparin effects on mast cells. Arch. Interna­
tionales de Pharmacodynamie et de Therapie. 126: 
139.
Husani, S. H., F. F. Deatherage, L. E. Kunkle and N. H.
Draudt. 1950. Studies on meat I. The biochemistry 
of beef as related to tenderness. Food Technol. 
^*313.
Lindholm, Sam. 1959. Mast cells in the wall of the ali­
mentary canal. Acta Pathologica et Microbiologica 
Scandinavica. ^6:Supp.132.
Macmillan, William H. 1956. The effects of histamine of 
skeletal muscle following administration of many 
pharmacologically active substances. Arch. Int. 
Pharmacodya. 108:19.
Miller, M. and K. Kostelic. 1956. Chemical responses of 
connective tissue of bovine skeletal muscle. J. 
Agri. and Food Chem. 1^*537.
Pallaske, George and Eleonore Schmidel. 1959. Pathologisch 
- Histologische Technik. Paul Parey Berlin and 
Hamburg. pp. lTj-l 1̂-.
Patton, W. 1957. Histamine release by compounds of simple 
chemical structure. Pharmacological Reviews. 9* 
269.
Paul, P. C. 1957* Tenderness in beef. J. Amer. Diet 
Assoc. 33*890.
?2
Riley, James F. The Mast Cells, 1959* E. & S. Livingston, 
Ltd, Edinburgh and London. pp.93-108.
Riley, J. F. and B. G. West. 1953. The presence of hista­
mine in tissue mast cells. J. Physiol. 120:528,
Shore, P. A., Alan Burkhalter and Victor Cohn, Jr. 1959* A 
method for the fluorometric assay of histamine in 
tissues. J. Pharm. and Exp. Therapeutics. 127*182.
Smith, Elizabeth W. and if. A. Atkins. 1956. Simple proce­
dures for identification and rapid counting of mast 
cells in tissue sections. Science 123*9^1•
Snedecor, George W, 1950. Statistical methods (l*th ed. )
Iowa State College Press, Ames, Iowa.
Spaziani, E. and C. M. Szego. 1958. The influence of
estradiol and cortisol on uterine histamine of the 
ovariectomized rat. Endocr. 63*669»
Spaziani, Eugene and C. M. Szego. 1959. Further evidence
for mediation by histamine of estrogenic stimulation 
of the rat uterus. Endocr. 6^*713.
Suri, Balwant Rai. 1956. Chemical and physical changes in
isolated beef muscle tenderized by infusion with 
sodium chloride. A Ph.D. Thesis. Oregon State 
College Library.
Szent-Gyorgi, A. 1953. Chemical Physiology of Contraction 
in Body and Heart MuscleJ Academic ?ress, Inc.,
New York.
Szent-Gyorgi, A. 1952. The structure and chemistry of 
muscle. Proc. of the Fourth Research Conference 
American Meat Institute.
Weiser, H. H., H. S. Goldberg, V. R. Cahill, L. E. Kunkle
and F. E. Deatherage. 1953. Observations on fresh 
meat processed by infusion of antibiotics. Food 
Technol. 7*^95.
Wierbicki, Eugen, L. E. Kunkle, V. R. Cahill, F. E. Deatherage, 
1956. Post mortem changes in meat and their possible 
relation to tenderness together with some comparisons 
of meat from heifers, bulls, steers and diethyl- 
stillesterol treated bulls and steers. Food Technol. 
10:80.
Wierbicki, E. and F. E. Deatherage. 195^» The relationship 
of tenderness to protein alterations during post 
mortem aging. Food Technol. 8:5°6.
73
Wierbicki, Eugen, V. R. Cahill and F. E. Deatherage* 1957* 
Effects of added sodium chloride, potassium chlor­
ide, calcium chloride, magnesium chloride and citric 
acid on meat shrinkage at 70° C. and of added sodium 




TABLE 1.— Warner-Bratzler mechanical shear values on one- 
inch cores, from the twelfth rib roast cooked in an oven at 
l48° C and to an internal temperature of 6l° C.
Core
Animal     Average
No.
Dorsal Central Lateral
92 31.00 35.00 33.00
34.50 29.00 33.00 32.25
132 15.00 20.50 26.50
16.50 20.50 27.50 22.56
1*37 24.25 21.25 22.75
28.00 21 .00 21.25 21.31
423 27.00 29.75 24.00
26.50 26.75 24.2 5 26.37
234 32.25 30.00 31.50
24.00 26.50 31.50 29.20
669 26.00 27.50 32.00
24.50 28.00 31.75 28.22
130 23.50 29.25 27.75
26.50 21.50 21 .00 24.91
4io 27.50 33.75 24.00
31.75 28.75 28.25 29.00
4l 1 21.00 25.75 18.00
23.50 29.25 26.00 24.08
444 31.75 20.50 19.00
28.50 26.75 21.25 24.50
433 27.75 30.75 24.0029.00 25.75 26.00 27.20
442 38.50 26.50 27.50
33.50 23.50 29.75 29.89
559 24.00 19.50 20.00
20.00 24.00 18.00 18.99
511 31.00 33.00 26.00








762 13.50 24.50 32.00
14.25 24.00 26.50 22.37
380 35.00 30.25 37.50 33.4132.50 26.25 39.00
229 35.00 50.00 32.00
35.25 50.00 38.00 4o.o4
247 33.00 28.75 38.00
30.50 22.75 42.00 32.50
220 35.00 21.50 29.00
35.75 33.00 28.00 30.39
227 29.00 24.75 40.50
25.25 24.75 29.50 27.39
101 24.00 18.00 16.00
13.25 15.75 15.50 17.08
L77 10.50 14.00 14.75
12.25 16.25 14.00 13.62
L79 11.50 19.00 22.0013.00 16.00 20.00 16.15
134 17.00 27.00 18.50
21.50 24.75 18.00 21.00
USL2 23.50 37.00 21 .00
22.75 25.00 22.50 25.25
772 30.00 31.50 26.00
33.50 29.00 26.25 29.37
770 33.00 37.50 50.00
37.50 39.50 50.00 4i .09
u99 21.00 29.00 26.00
28.00 32.00 35.25 31.20
701 27.50 23.00 33.50








705 2 7 . 0 0 31.25 2 0 . 0 020.75 24.00 20.75 23.92
709 2 9 . 0 0 25.75 27.7522.75 25.25 24.50 2 5 . 6 6
710 18.75 24.75 24.5035.00 19.75 23.50 24.37
7 0 6 25.50 25.25 30.2533.75 1 9 . 0 0 29.50 27.29
7 0 2 37.75 34.50 4i.oo48.50 44.75 46.00 42.08
703 5 0 . 0 0 34.00 40.7534.00 28.00 32.75 3 6 . 6 0
704 23.50 32.50 19.75 23.461 6 . 5 0 2 1 . 0 0 27.50
707 26.75 28.50 24.7524.75 24.75 2 0 . 2 5 24.96
708 21.75 4o.oo 31.0045.00 35.50 26.75 33.30
303 1 1 . 0 0 14.50 12.50
11 .00 1 8 . 2 5 14.00 13.67
837 1 8 . 5 0 1 8 . 5 0 19.75
18.00 18.00 2 0 . 7 5 18.92
795 7 . 5 0 1 1 . 5 0 7.00
6.00 1 5 . 5 0 13.50 1 0 . 1 6
7U 2 9 . 0 0 2 9 . 0 0 30.50
2 9 . 0 0 2 6 . 5 0 3 0 . 0 0 2 9 . 0 0
133 2 7 . 0 0 24.75 2 2 . 5 028.00 24.50 2 1 . 2 5 25.30








979 13.50 16.25 20.50
13.00 15.75 20.75 16.62
298 5.00 8.00 6.50
8.00 7.50 5.50 6.75
871 22.00 20.75 18.50
20.75 17.50 21+.00 20.58
^97 9.00 18.50 17.50
10.00 16.50 15.00 11+.30
390 13.50 15.50 15.50
11+.50 15.50 16.50 15.15
?7k 15.25 12.25 17.00
20.25 11.25 17.50 17.25
1+21 16.00 11+.25 12.75
16.75 ll+.oo 11 .00 ll+. 12
1+1*8 28.25 25.00 30.2527.00 25.75 25.75 27.00
807 11+.50 11+.50 20.25
11+.25 ll+.oo 23.25 17.3^
1+1+0 31.00 16.00 19.00
18.00 15.00 16.25 19.20
A1 26.00 25.75 23.50
25.75 19.75 20.75 23.58
A2 22.50 13.00 11.7515.75 23.00 15.50 16.92
A3 22.25 17.25 1I+.5020.00 15.75 11 .00 16.78
Al+ 22.00 28.00 22.00
26.75 28.75 16.00 23.92
A5 25.50 23.25 18.50







A 6 9.00 16.00 10.50
9.50 22.00 12.50 13.25
A7 15.00 15.00 i4.oo
15.50 17.25 11.00 14.63
A8 23.00 17.75 16.25
17.75 21.25 23.00 19.83
A9 15.25 l4.oo 14.5016.25 l4.oo 12.50 i4.4i
A10 21.50 31.50 22.00
31.50 39.00 30.75 29.37
A11 30.00 15.00 15.50
15.50 16.00 17.50 15.42
A12 17.00 20.75 27.00
20.00 23.50 26.50 22.46
766 39.00 32.00 30.25
39.25 25.00 33.00 33.06
122 9.50 15.00 13.00
12.00 12.50 12.50 12.42
524 11.50 21 .00 26.50
13.00 18.00 24.50 19.08
213 26.00 28.00 33.50
26.75 28.00 29.50 28.62
515 17.00 14.50 13.0015.00 12.00 11.00 13.75
2l4 19.50 25.00 32.25
18.50 18.25 25.00 23.08
231 21.75 12.75 23.75
30.50 16.50 23.25 21 .42
333 43.00 29.50 16.00








6*4-6 22.00 26.25 20.00
2*4-. 25 25.50 23.00 23.50
5*4-0 20.00 16.50 13.50
1*4-.50 15.50 1**.50 15.75
620 21.00 21.25 19.25
19.25 20.50 16.75 19.67
6*4-0 18.50 17.25 17.0020.00 12.50 15.75 16.83
*4-3*4- 11.25 11.25 13.25
12.00 12.00 16.75 12.75
*4-1 1 17.75 17.50 23.00
21.50 15.50 16.50 18.63
6*4-5 15.00 12.00 17.2515.00 16.00 1*4-.50 1*4-.96
133 11.00 11.50 13.00
11.50 13.50 16.75 12.88
*4-30 25.00 12.50 15.7516.00 16.25 20.00 17.58
*4-31 18.25 13.00 16.25
20.00 15.75 16.00 16.5*4-
61 *4- 21.00 21.25 19.0023.00 21.75 25.00 21.83
510 22.75 15.00 17.25
16.25 13.25 22.50 17.83
6*̂ 3 15.50 l*+.50 1*4-.50
13.25 13.25 12.00 13.83
3*4-*4- lk.75 16.50 16.00
16.50 15.00 15.75 15.75







421 U.75 U .25 23.50
15.50 13.75 18.00 15.62
232 28.75 27.75 47.5030.25 26.25 36.50 32.83
120 18.25 14.00 17.50
15.50 14.25 17.50 16.17
5 U 21.25 18.75 21.50
17.25 17.50 21.50 19.62
123 13.00 13.00 12.50
14.50 14.75 14.00 13.62
230 17.50 11.25 18.00
27.25 15.25 24.25 18.92
433 23.00 16.50 17.7518.25 21.00 20.00 19.42
132 14.25 17.50 15.25
19.75 17.00 15.50 16.54
.̂14,14, 13.75 13.25 15.7516.00 15.00 15.00 14.79
621 16.00 17.75 26.7516.25 17.75 24.75 19.88
l4l 13.00 12.75 12.50
13.75 16.00 16.00 14.00
330 16.00 18.50 14.75
17.75 2b, 00 13.75 17.46
547 i4.oo 23.00 17.5020.00 16.00 18.00 18.08
5b 6 l4.75 15.75 21.50I8.25 15.00 24.00 18.21
632 i4.oo 14.00 26.75
14.75 16.75 24.50 18.46
82
TABLE 2,--Fluorometric potentiometer readings on duplicate 









6k6 9k 95 k.8
331 119 116 7.2
213 121 123 7.k21^ 136 138 8.8
532 130 137 8.6
6lk 100 103 5.5
231 72 91 3.8
531 118 118 7.23*10 1*K) —  —  — 8.0
620 123 123 7»k
622 115 127 5.0621 1 12 112 6.k
618 105 105 5.8
6k 3 96 10l* 5.5
133 87 9^ k.6
1̂ 1 112 118 6.8
610 123 ------ 7.5
515 88 ------ k.k
533 132 128 8. 1
131 92 If. 8
630 lij4 iko 9.2
528 1 10 117 6i 8
6k5 119 118 7.2
kjk 90 93 k.6
770 73 73 3.1
77 2 78 75 3.2
776 112 109 6.3
1 111 109 6.k
2 116 110 6.6
3 12k 130 7.8
k 132 112 7.k
5 78 88 k.2
6 132 128 8.2
7 132 12k 7.8
8 18^ 195 13.6





No. (1) (2) ug/g tissue
10 110 98 5.8
11 13^ 129 8.3
12 lk 5 139 9.2
701 128 115 7.3
705 111 113 6.3
709 112 116 6.7710 186 lk6 11.**
706 130 128 8.1
702 1^3 139 9.1
703 110 110 6»k
70k 139 135 8.8
707 116 111 6.7
708 lk2 137 9.0
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